Invasive non-native species pose practical and ethical problems for the people tasked with their management. Invasive freshwater crayfish species in the UK threaten rare native crayfish and freshwater habitats, yet their control is beset with social, practical and environmental barriers to success. This paper draws on an interdisciplinary study of stakeholders involved in crayfish management in East Anglia to explore the management of non-native freshwater crayfish in the UK. It concludes that when standard methods of control fail, stakeholders are willing to consider unusual management suggestions such as commercial trapping, whilst recognising that these may bring their own problems.
INTRODUCTION
Collapse of commercially important native European crayfish from crayfish plague (Aphanomyces astaci) in the 1970's led to widespread introduction of resistant non-native species as replacements (Lowery and Holdich, 1988) . The UK lacked a commercial fishery for crayfish but signal crayfish were introduced for export to European markets (Lowery and Holdich, 1988; Holdich et al., 1999a). Most farms failed and were abandoned. Signal crayfish populations adapted well to the UK, expanding rapidly through well-used and interconnected waterways (Lowery and Holdich, 1988) . Declining habitat quality was also identified as an important reason for the wide spread of signal crayfish in the UK, as it is recognised that poorquality habitats are more vulnerable to invasion by INNS (Manchester and Bullock, 2000; Mack et al., 2000) .
Signal crayfish today rank as one of the best-known and most regularly mentioned INNS by environmental managers in freshwater environments (Williams et al., 2010; Gozlan et al., 2013) , and are thought to cost the UK (in terms of lost revenue from water-users and anglers, costs for removal and for habitat restoration and protection for the native white-clawed crayfish) around £1,502,000 per annum (Williams et al., 2010) . In addition, their population continues to expand across the UK (NNSS, 2011). Thus, signal crayfish are a major issue for freshwater environmental managers.
This paper explores the complexities of managing signal and other invasive crayfish species in the UK from a stakeholder perspective. It focuses on three key challenges for stakeholders involved in the management process which range across social and natural themes: selecting the most appropriate control method; implementing and enforcing existing legislation; and building partnerships between different stakeholder groups. The paper concludes with a brief discussion about the potential for using harvesting as a control mechanism, following the growing cultural interest in "wild foods" (Reyes-Garcia et al., 2015).
METHODS
This paper draws on fifteen in-depth interviews carried out between June and August 2010 with river managers, crayfishers and academics working on freshwater environments in East Anglia. This area was selected because non-native crayfish are a significant issue in the region and several local angling clubs and other organisations have worked on crayfish management.
A local researcher and angler was approached to act as gatekeeper for contacts, and the researcher met them several times in order to discuss the project and its aims (Valentine, 2005) . A snowball technique was used to recruit contacts, from which the author selected a sample of interviewees including national and local government bodies (n = 3), navigation authorities (n = 1), local authorities (n = 2), local angling or river clubs (n = 3), academic NNS researchers (n = 3) and unaffiliated stakeholders including crayfishers and landowners affected by crayfish (n = 3), who could provide insights into the issues and opinions surrounding management of non-native crayfish.
A list of key questions was used to guide interviews, provided in advance if requested (Valentine, 2005; Robson, 2007) . During the interview, if a new topic was introduced, it was followed up, and the key questions for subsequent interviews adjusted to include it. Most interviewees were interviewed in their offices or homes, with two interviewed by telephone. All interviews were recorded on a digital voice recorder, and stored as mp3 files on a computer. Transcription by the author took place as soon as possible after the interview, to allow notes, ideas and clarification to be included on the transcript, and to familiarise the author with the material (Crang, 2005) . The format of the transcript was an interview report, rather than a verbatim transcript (Crang, 2005) permitting interviewees to more easily see whether their ideas had been well recorded (Jones, 2008) . The analysis and results are presented using quotations from interviews woven into a synthetic narrative about signal crayfish management and stakeholder interactions (Adams et al., 2004; Jones, 2008) . Where necessary, quotes have been edited with square brackets to maintain anonymity or coherence.
Note on language: Interviewees used different phrases to describe NNS, e.g. "invasive speciesˮ or "alien speciesˮ, and these have been quoted verbatim. The author has used nonnative species (NNS) or invasive non-native species (INNS) throughout the rest of the text. This latter term refers explicitly to species that, on their arrival in a new area, are regarded as causing significant issues or other species, or which expand rapidly.
RESULTS

Choosing methods of control
The first major challenge in controlling signal crayfish is selecting a method to control them with. Signal crayfish are tough, omnivorous and mobile, tolerant to the UK's temperate climate and able to live in a diverse range of habitats (NNSS, 2011). A variety of methods are used to control non-native crayfish, including mechanical removal, poisoning or biocide and physical barriers (Holdich et al. Biocide applications have not been widely used in the UK, but early trials in enclosed water bodies like ponds have been successful (Peay et al., 2006) . It is possibly the only method that will completely eradicate crayfish as long as 100% of crayfish are killed (Peay, 2001). Unfortunately, signal crayfish are resistant to many biocides and pesticides (NNSS, 2011). Two stakeholders (both regional environmental management officials) who favoured biocide as a control method generally agreed that biocide applications are only appropriate in certain places, generally as a spot treatment, because the toxins used are not crayfish-specific, and in large water bodies like rivers the collateral damage is high (Holdich et al., 1999b; Peay, 2001 ). However, other stakeholders, particularly anglers, were not happy about the use of biocides with one angler commenting that using biocides was deliberately "creating an ecological incidentˮ (interview with angler). Stakeholders who were interested in native crayfish conservation (a mix of officials, anglers and researchers) also expressed concern that biocide would have no effect on crayfish plague (carried as a latent infection by signal crayfish but lethal to white-clawed crayfish, NNSS, 2011), so its use in creating white-clawed crayfish refuges might be limited.
Several stakeholders mentioned that work was proceeding on finding a control method based on pheromone trapping, although no one mentioned any successes (Holdich et al., 1999b; Stebbing et al., 2002) . This is an area recommended in the NNSS risk assessment for signal crayfish as an area in need of work. In terms of a wider focus on biological controls on signal crayfish, native predators are known to have a critical role to play in controlling populations of NNS (Rabeni, 1992 ). In the UK, native crayfish predators include otters (Lutra lutra) and carnivorous fish like eels (Anguilla anguilla), both of which were identified by stakeholders as potentially important factors in controlling signal crayfish populations, with one trapper saying "to some extent, crayfish have been good news for otters, as they eat them … if otter populations got big enough, it could be very usefulˮ (interview with crayfish trapper). However, otters also pose a threat to fishing operations, as an environmental management official explained: "They (crayfish) can supplement the diet of otters when they fail to catch fish, so the energy pressure on otters which acted as a (population) control is lost, so otters can keep chasing fishˮ (interview with regional environmental management official).
The use of barriers to prevent expansion of signal populations up-and downstream has been applied in a few cases (e.g. Reeve, 2004; Kerby et al., 2005) , but is complex, especially over long time periods, and can cause other issues such as access for migratory fish and other species. Other habitat alteration ideas include creating chemical barriers to signal crayfish expansion, e.g. by altering water acidity/alkalinity. One such case study on the River Clyde, Scotland (Reeve, 2004) , was widely cited by stakeholders interviewed. Most acknowledged that there would probably be side effects on other species, but felt that this negative would be outweighed by the benefits of a reduction in crayfish populations: "If, by changing the pH, we reduce the number of crayfish, and everything else improves, overall this is goodˮ (interview with local environmental authority official).
Studies on the dewatering of burrows (Peay and Dunn, 2014) suggest that whilst it can remove signal crayfish from an area, they are able to cross dry land, and dewatering encourages such movement, potentially increasing their colonisation of new areas.
The easiest method to control crayfish is via baited traps laid on riverbeds. Trapping is widely accepted not to eradicate crayfish populations, as traps can be selective for large males, and removal of large males increases the recruitment of juveniles, leading to a sustained population (NNSS, 2011; Momot, 1998; Hein et al., 2007). Most stakeholders cited this research, with one neatly summarising it by saying that trapping: "Removes the large cannibalistic individuals and promotes dispersal of smaller individualsˮ (interview with national invasive species advisor). However, intensive trapping over several years causes a decline in catch rates over time, which, whilst not eradicating signal crayfish, does maintain a low population and allow macrophyte, invertebrate and fish populations to increase, which are all negatively affected by large crayfish populations (Hein et al., 2007) . This effect was observed by many of the anglers and trappers interviewed for this study. Members of a local angling club which has trapped signal crayfish intensively for some years have observed improvements to their river environment, with more fish fry, insects and small fish. Individuals involved in long-term trapping commented that "I have trapped this area solidly for five years, and I have noticed a reduction in population and size … I do think I have made a huge difference to the areaˮ (interview with trapper) and "If I do a second day (of trapping), I tend to notice a falling off. I have fished for three days in a row, and had very few on the third dayˮ (interview with trapper).
Trapping is a long-term control method -unless trapping pressure is maintained, populations will recover and continue to expand (Hein et al., 2007 ). An angler involved with his local angling club's trapping project indicated that they had thought hard about starting, because "when we started, we knew it was not going to be a short term fix, but a long term commitmentˮ (interview with angler).
The conclusion from this section, and from reports such as the NNSS risk assessment for signal crayfish (NNSS, 2011), is that there is no one method that will successfully deal with signal crayfish. Instead, each affected area has to work within environmental and practical limits -if possible, to use extreme methods such as biocide to remove signal crayfish, but where that is not practical to focus on developing new methods such as pathogen-based controls (Freeman et al., 2010) or use time and personnel-intensive methods like trapping.
Bureaucracy, licensing and enforcement
Carrying out control measures against NNS is often fraught with uncertainty, but failure to act quickly following the initial arrival of INNS can result in serious problems later on (Coblentz, 1990 ). In the case of signal crayfish, the legislative environment in which it was first introduced was also an important factor, as one NNS expert commented: "The lesson has been learnt from signal crayfish -there are not always happy endings with invasive speciesthey need to be caught early and hard to be effectiveˮ (interview with national invasive species advisor).
INNS legislation is often piecemeal and designed in response to a particular problem, and thus of variable effectiveness (Fasham and Trumper, 2001 ). Following criticisms around existing UK legislation on INNS, a Defra policy review was carried out in 2003 (Defra, 2003) , from which the GB NNS Strategy was developed (Defra, 2008). The Strategy adopts a precautionary approach, aiming to better balance reactive management with preventative work such as species alerts and horizon scanning (Defra, 2008), and has also focused on awareness raising campaigns to reduce inadvertent introductions of potentially invasive species by focussing on good management practices, e.g. "Be Plant Wiseˮ for invasive pond weeds (NNSS, 2009).
Rapid response infrastructure in the UK is being developed, especially for invasive aquatic species like the top-mouth gudgeon (NNSS, 2010), and would be potentially valuable against new invasive crayfish species, e.g. Procambarus fallax forma virginalis (Scholz et al., 2003; CABI, 2015). However, this is too late for signal crayfish: "If we had had a rapid response capacity with signal crayfish (in the 1970s), we could have eradicated them when they were still only in pondsˮ (interview with regional invasive species co-ordinator).
Signal crayfish legislation is still somewhat confusing, as one stakeholder explained: "Requests for (signal) crayfish trapping go to the EA (Environment Agency) … requests to do research trapping (e.g. capture-mark-recapture) (on white-clawed crayfish) have to go to Natural England, who implements the Wildlife and Countryside Act 1981 … (and) enforcement of the Act (Wildlife and Countryside Act 1981 which makes it illegal to introduce non-native crayfish to the UK) is through the EA. Additionally, CEFAS and Defra are involvedˮ (interview with regional environmental manager).
The Environment Agency requires individual trapping for crayfish to have a license (EA, 2010a), designed to prevent illegal trapping, or trapping in sensitive areas. Stakeholders holding licences were critical of the process, saying that the relevant sections on the Environment Agency website were hard to find, and that the licence form was hard to fill in: "On the form there is a bit for landowner permission and location … I contacted the EA Properties department to ask how I could find out about landowners. They had no idea and suggested I went knocking on doorsˮ (interview with angler). Others commented that enforcement of license renewal was poor: "I am meant to have a Defra license, and did have one for two years, but now I can't be bothered, as no one has said anythingˮ (interview with trapper). Currently, trapping is only licensed in certain "go" areas where there are no populations of the protected white-clawed crayfish (Austropotamobius pallipes) (HMSO, 1996) . A major concern for many stakeholders was the potential for confusion between whiteclawed and signal crayfish. Stakeholders mentioned that many people didn't know about white-clawed crayfish, and indicated that because the licensing system does not require training in crayfish identification, and does not clearly indicate the "goˮ and "no-goˮ areas for fishing, mistakes were more likely to happen (Peay, 2010). Improved identification skills were seen as key to solving this: "I have no problem with public fishing, as long as the people have had a degree of education. It should be conditional on getting a license, but it isn'tˮ (interview with angler).
Officials dealing with signal crayfish management also raised concerns over the association of trapping with bycatch of protected crayfish predators like otters: "We have a big problem with illegal fishing and otter bycatch. Whenever EA staff go out and remove traps, they will find dead ottersˮ (interview with regional invasive species co-ordinator).
These issues are recognised by the fishing and trapping communities, with one trapper suggesting that the EA could improve its trap licensing process to reduce the risk of by-catch and illegal trapping by having: "a website that says where you can fish crayfish, what sort of trap you should use, they could even sell the netsˮ (interview with trapper).
All stakeholders concluded that stronger trapping regulation was necessary, with one official working on national invasive species strategy commenting that "the licensing system, whilst it is clunky, does allow some sort of regulationˮ (interview with national NNS co-ordinator).
The issues around dealing with legislation and enforcement of legislation are made more difficult by the diverse range of stakeholders involved in crayfish management. Engagement of local stakeholders (e.g. land-owners, anglers, etc.) can be really beneficial for government bodies strained financially: for example, the Local Action Groups organised and co-ordinated by the NNSS have been a successful model for public engagement in INNS control (NNSS, 2015). However, issues arise when enforcement is weak/ineffective (as observed here) or when opinions diverge on how things should be done. The following section delves into these issues further.
Expertise, partnership and interests Improved co-operation and co-ordination helps to achieve long-term effective protection against invasions (Taugbøl and Skurdal, 1999; . Stakeholders mentioned increased local and national co-operation over NNS work as positive. Nationally, the establishment of the GB Non-Native Species Secretariat (NNSS) and Strategy has: "Cut through debates about whose responsibility it was to deal with invasive species, particularly between the EA and NE, and laid out how the work should be doneˮ (interview with national advisor on invasive species).
The UK has an advantage over much of Europe, as its freshwater habitats are geographically isolated from mainland Europe, and has a body like the NNSS, which can co-ordinate horizon scanning and surveillance activities for potential INNS (Defra, 2008) . This places the UK in a good position to react to new INNS arriving, although does not prevent new species arriving (10-12 new INNS become established every year in the UK, NNSS, 2015).
However, despite the advantages of a co-ordinated approach to INNS management, there remain uneasy relationships between some stakeholders. Some trappers felt that attitudes towards individuals like themselves within the policy world were not always positive: "The EA's attitude to fishermen (and their ability to identify things) is patronisingˮ (Interview with angler). They felt that their expertise and experience were not fully appreciated: "There is a certain amount of elitism which has been a problem -so much information on crayfish has come from academics that it is only more recently that they are willing to listen to other peopleˮ (interview with trapper).
One trapper felt that many people working for official organisations had lots of qualifications but relatively little experience compared to people without an academic record but who have spent a long time living or working in an area. This is not a phenomenon restricted to the case study area: generally, those in policy favour information coming from scientific and academic sources over that from other sources (Beck, 1992; Leach and Scoones, 2005) . In contexts where the success of a project may depend on the good-will and engagement of non-scientists such as trappers and anglers, this sort of attitude can lead to problems (e.g. Wynne, 1992) .
However, it is not just about attitudes to engagement: sometimes agreeing on how to manage the environment can be difficult between different stakeholders (Selge et al., 2011). A good example of this is the potential conflicts of interest between anglers and environmental managers over freshwater INNS management options: the UK has seen an increase in "big gameˮ angling, which has led to increasing demands for stocking of fish types (Hickley and Chare, 2004). Fish stocking both presents one of the key routes for signal crayfish to spread to new areas (the larvae and eggs can be transported with fish, NNSS, 2011), and the investment in this industry also becomes an issue when populations of predatory species like otters increases. The support offered to otter populations by large signal crayfish populations has not been seen positively by some anglers in the case study area: "(it is) very problematic -there was a case of two carp killed by otters … which weighed 35 and 39 lb, and cost £5000 eachthe fisherman lost £10,000 of investment in totalˮ (interview with regional environmental management official).
Officials said that anglers have demanded that otter populations be controlled, despite their positive effects on freshwater habitats and fish populations through their control of crayfish (Barrientos et al., 2015) : "They (anglers) have run big campaigns against otters, especially over the last two-three yearsˮ (interview with regional environmental management official).
Thus, some of the solutions to controlling crayfish that are low-impact on the wider environment (i.e. supporting native predators, rather than using harmful methods like biocide or habitat alteration) can be as unpopular as the presence of the INNS themselves, providing serious challenges to those trying to manage the environment for many different users (Hickley and Chare, 2004).
Harvesting invasive crayfish -solution or not?
Having studied some of the attitudes and approaches of stakeholders charged with managing crayfish, I now return to the question of why signal crayfish were ever introduced, and whether it offers a possible solution going forwards. As discussed in the Introduction, signal crayfish were introduced to the UK as an aquaculture species for export to Europe for consumption (Holdich et al., 1999a) . In the UK, the last decade or so has experienced a surge in interest in so-called "foragingˮ or wild harvest of species for consumption, encouraged by TV shows and haute cuisine (Reyes-Garcia et al., 2015; NNSS, 2011). Signal crayfish, as a numerous and widely-present crustacean with a history of consumption in other countries (Taugbøl, 2004) , are an obvious target for foragers (e.g. Clay, 2011) . The fact that removal of signal crayfish could be regarded as an environmental benefit enhances their attraction (along with consumption of other INNS like grey squirrels, e.g. Davies, 2008) . Such an approach has been considered by Defra to control Chinese mitten crabs (Eriocheir sinensis) in the river Thames (NHM, 2008) .
In this study, three of the six trappers interviewed trap because they enjoy eating crayfish: "I am fishing for food, not to conserve the white-clawed crayfishˮ (interview with angler). Stakeholders suggested that a market for wild-harvested crayfish might provide a financial incentive to trap, whilst simultaneously securing labour for projects trying to control crayfish populations.
Whilst in concept attractive, the reality of setting up a commercial enterprise is more difficult, for three reasons: firstly, the market for wild-caught freshwater crustaceans in the UK remains relatively undeveloped, making it hard to find local consumers. As one angler commented, "the biggest problem with them is not catching them but getting rid of themˮ (interview with angler).
Secondly, there is a contradiction between trapping for conservation, where the main focus is on reducing populations significantly, and trapping for commercial sale, where the interest is on large individuals that are saleable. As one trapper put it, "anything less than eight cm is not really commercial and not worth itˮ (interview with trapper).
A trapping project for conservation reasons which encourages people to participate by selling their catch is likely to fail over time as catch volume and crayfish size decline and the market value declines in parallel. As one angler pointed out, "a (commercial) trapper at that point would move onˮ (interview with angler). This is not an option for conservationists who need to maintain low population numbers in order that freshwater habitats can recover. Thus, co-operation and potential subsidies to compensate for declining body sizes and profit would be required for such a project to work long-term.
Finally, and most problematic, is the issue of signal crayfish spread, and the legal aspects of this. As a species listed under the Wildlife and Countryside Act 1981, signal crayfish are not permitted to be released into the wild, yet encouraging commercial harvesting brings the risk of deliberate introduction of signal crayfish to new areas (Gutierrez-Yurrita et al., 1999; Peay, 2010). The NNSS risk assessment for signal crayfish outlines a few case studies where signal crayfish have been introduced deliberately, or where people inadvertently trapped for the protected white-clawed crayfish (NNSS, 2011). Anything that encourages the expansion of signal crayfish or which affects white-clawed crayfish should be very carefully implemented, if at all (NNSS, 2011). Thus, it seems likely that although individuals may choose to consume locally-caught crayfish, the creation of a market that will act to fund the control of signal crayfish is likely to fail.
CONCLUSIONS
This paper has outlined a series of institutional and practical challenges and opportunities for signal crayfish management in the UK. There is no single method that will successfully control signal crayfish, reflecting both their habitat (interlinked freshwater environments with many sensitive species present) and their robust life-history. Therefore, as one angler commented: "We have no choice but to accept that the signal crayfish is here to stayˮ (interview with angler).
However, most stakeholders did not feel that ignoring signal crayfish is an optionloss of protected species like white-clawed crayfish, and continued degradation of freshwater habitats as a consequence of growing signal crayfish populations is likely to be problematic for the UK under the EU Habitats and Water Framework Directives (JNCC, 2010; EU, 2000).
The improved policy and legislative environment around INNS management has no doubt benefited national and regional efforts to control them, in part by drawing together government stakeholders, and supporting public awareness of INNS issues. However, this paper has also identified ongoing issues around stakeholder interactions, not least perceptions of groups such as anglers and trappers, who act often from environmentally-oriented reasons but who feel separated from policy and that their knowledge about river environments is not well-regarded (Van Eijck and Roth, 2007) . Further, other parts of their communities can directly inhibit the efforts of environmental managers to control INNS, providing new sources of conflict. This small-scale case study is not alone in this, but provides a good example of the challenges facing environmental managers and those wishing to support the environment when trying to work together, not least that the science behind control is difficult and uncertain.
Commercial exploitation of signal crayfish through trapping is an unusual suggestion, and although trapping is widely held not to eradicate signal crayfish, intensive, organised trapping can benefit freshwater ecosystems, reducing signal crayfish numbers and allowing macrophyte, fish and invertebrate populations to recover (Hein et al., 2007; West, 2009 ). Whilst a system where trapped crayfish are sold to raise funds for control efforts, there are also a number of serious risks associated with such an idea. These are not helped by a confusing legislative environment. Should a commercial approach be used in controlling signal crayfish, it would need to be strictly regulated, and could be designed as a way of encouraging environmental citizenship, an approach successfully used in Europe to protect native crayfish from introductions of invasive species (Taugbøl and Skurdal, 1999) .
The issues that emerged from this paper are relevant to wider biodiversity management. INNS are a part of wider issues facing conservation of freshwater ecosystems. Further work could seek to put perspectives on INNS management into a wider freshwater management context. 
